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ABSTRACT : PROBLEM TO BE SOLVED: To Stably obtain a piezoelectric material comprising a 

material composition having a composition of phase boundary between a good tetragonal 
system and a good rhombohedral system, in an oxide ferroelectric ceramic used for 
various kinds of electronic parts, and to use a particle diameter-controlling agent capable 
of sufficiently pulling out the performances of the piezoelectric material and simultaneously 
controlling the sizes of grains, In a piezoelectric sounding body requiring a highly strong 
and compact ceramic. 

SOLUTION: This piezoelectric material containing as a main component a perovskite type 
oxide containing iron is produced by calcining a material of the formula 
(Pb(i.x.a)Ma)(Zr(i.y)Tiy)(i.2)(Mg2/3)z03 [M is at least one element selected from Ba, 
Bi and Sr; 0<(a)<0.10; 0.20<(y)<0.30; 0.45<(z)<0.55, adding MgNbaOe of columnblte 
type oxide as a grain diameter-controlling agent in an amount range: 0.005<(x)<0.05 
based on Pb and again calcining the mixture. 

COPYRIGHT: (C)1999,JPO 



BNSOCX:lO: <JP 41 1029357A_AJ_> 



BEST AVAILABLF Cf^^^' 



mBymmff (jp) 02) ^ |B ft 1^ ^ $S (a) 



#51^11-29357 

(43)^110 ¥fi!6ll'^(1993)2 ^2H 



(SOIntCL' 
C046 
BO 6B 
HO 1 L 



35/49 
1/06 
41/09 
41/187 
41/24 



F I 

CO 4B 
BO 6B 

HO 3H 
C04B 



35/49 
1/06 
9/17 

35/49 



R 

z 

A 
S 
T 

(.± 7 M) 





!^K¥9-352771 


(71)ta8IA 


000005821 












9 ¥(1997) 12^ 22 a 










(72)|8W# 


^ ^ 


(31)Sj&%£3g## 


!|fH¥9- 121228 




#^;ii«;ii«f*^*K:^Ba 3 t a io# 1 


(32)ff%B 


^9(1997)5^125 








B* (JP) 


(72)58W# 


#1 Q 








#3S5;ii«;i[«f rtf#j*KS=Ba 3 ra io# 1 














(72)«g8« 


a ^ * ai 








»5S5JII««ISrmiJtKJH&:«B3TB 3 » 1 














(74)f^A 


#a± «^ JEW 



(54) [mm<o^mi mmin^^zfto:>m&^m^^TH:n^m\<^n:Bmmsftf-^i;-csEE^rSi^ 



mi) 

CPb<,..,M-) (Zr<.-„ Ti, ) „-., 016,^, ) . 0 , 

jm. OSa<0. 1 0 ) ^rS-(fc^Taio$iX, 0. 
20<y<0. 30, 0. 45<z<0. 550IE11-C' 

^^•Cfc5MgNb2 Og STPbtCjI^^L-CO. 0 0 5<x 
<0. 0 5<7)®HT^nLSMRMB£$-tT3. 



Pb(Mgi/tNbi/*)Ch 




BEST AVAILABLE COPV 



BNSOC£IO: <JP__41 1029357A_J_> 



Pb(i-,) (Zr(i-y) Tiy ) (i-j) (M 1/3 Nbj/s ) i 0 
3 

(M{i, Mg, Ni. Zn(7)a*>*»^>^IJ?$ii5ii'-'5:< 

^'i>-fL^5!iTai?$il, *^oO. 005<x<0. 05 

(Pb(,-x-«,M^) (Zr(,-y, Ti 
thimMiofcm. o^a<o. 10) 

^■S-fk^-C^i^^n. A>oO. 005<x<0. 0 

5. 0. 20<y<0. 30. 0. 45<z<0. 55 

(Pb(,-c<)M,<) ilVn-ry Ti, 

(M{i, Ba. Bi. Sr(r)d%iJ^h'&^^iXh'M^£< 
thlW^cmM. 0^or<0. 10) 
^r-S-ft^^-Cai^^n. A^OO. 2 0<y<0. 3 0. 
0- 4 5<z<0. 5 5cO$EiafcS>-S.i;3tWfif^MM 

gNb2 Oe ^rPbtC^tLT 0. 005<x<0. 05 
hixh ^VA y^A X-ifi5p. mOTT'&i.ffimtff4. 

m 6 i,ztm<Dsmtm^m ^^ti;it t:mit-t^sMm 
m^ma j i¥;^7&«5 o s i5'n>'tjiT<7)ft^7 izm 

[000 1] 

izm't?>. 

[00 0 2] 

mi^xt<7)m,iMLT^mi>zmi^i-^E.mMmT^<^mmfm 
V ^9 :^\.z^m^^fzWAml(r>^■tmmizi. h^mif 



2 ) m^m- 11-29357 



5. 0. 50<y<0. 80, 0. 35<z<0. 65 

mm.i ] m2 0 osiiijio^^ u -^^ *-r^ 

%)i^hwmMm^zii\-^x. 
[^1] 

y) (1-^) (Mgl/3 Nb2/3 ) z 0 3 

[i8*Jfi4 ] y-^A Xifi 5 mOTT-fc S ^ i: 

[Iic2] 

) (l-z) (Mgl/3 Nb2/3 ) z 0 3 

[0003] ®S-ft?*l5SI^«#:«0-fe 7 5 ^xt::t3V^TJEm 

[0 004] ^/c. "ffM xm\i>^ih,mm.^fct:\^^^ 
^ y 200 m»±b ^ ^ msxu . ^Srs 
wm^tmhtiy^K^*). EmMmzm-i>mmizmz. 

[0005] 

M^km^^n^tiibcDmmmmtbx. msc^im^'mt 
^j:i,m^^xjy:z.A-( hmm-itm^r^i^izm^Ltz*) . 
mcizmam^Mx. ^zt if^ < m?t^ ixx^x\^h 

A\ m3comm}^m.-^i-^Ztl,z^-yX^x:ffX:^-( 

[0006] tti. "ffU Xfi. J; O/jNffi-fL • ?fS-(k^ 
*«^*^T#■CV^S. ffi«lfe#fi|£i:Lr2mmOTc7)^ 

^w<^mm^ix'x\^hf}\ tixi,zmti.oh^i>b^ 

m.<r)^v^"/9ifii!mt^j:'oX%X^^h. 
[0007]$ hiZ^ JEm#«5t=fflV-»/?,fil.-fe7 $ y 



BNSDOCID: -cJP__4110293S7A_J_> 



(3) 



mm'fl 1-29357 



[00 08] z.1x±-x^^-^m^ii=.m&'ti,t:.iih> 

[00 0 9] ^^iat:, ifi^- EmwmiEfflt/vrii 
n°Biw*3ftSjEm!|#tt*5 J:tfit^<7)|fii±tfOSffl{i5t < , 

[0010] 2^f&aBi±. ffi«^*tt;^?^M^IE:^fB^^tS 
[0011] i/i. *^BJc7)^2(7)BW{i. mJiT'fflv^ 
[00 12] 

-r=&45^. :^mR\,zX1x\i. Jt^^^*<5 0 0 0tLh-C 

(Pb(,-K-^,M^) (Zrci-,) Ti, 

(Mfi. Ba. Bi. S r<7)o*>*^'b^iR§n.«.i!'-^< 
i: 4. 1 ^StfOTC^s 0^a<0. 10) 
^S^it^^mh^lX. -b^-oO. 005<x<0. 0 
5, 0. 20<y<0. 30. 0. 45<z<0. 55 

(Pb(i-«f,M«) (Zr(,-„ Ti. 

(Mti, Ba. Bi. Sr<7)o ^>^lRSiXl.i!'-'^< 
i:tl^c7)^. Oga<0. 10) 
^iiif^X-mh^tl, ij^-OO. 20<y<0. 30. 
0. 4 5<z<0. 5 5<0^HtCibSJ;dtC*t^S:lK^ 

mssuwji: l.T3^>'>'nm hm.mmx'hhM 

gNbj Os 2rPbJ;:MfC0. 005<x<0. 05 



[0013] tfz. tft L\Mmi\mmmt^ix^ 
m^^fzSMtim<r>mm.i3mizx o . ^mz^mx-m^^i^ 

[0014] 

X. 

Pb(i-,) (Zr(i-y) Ti, ) (1-;,) (Ml/3 Nbz/g ) ^ 0 

3 

i:t la^OTC^) 

^'^-ft^xSiT'^*)*^!. ^^-^O. 005<x<0. 05 
5, 0. 50<y<0. SO. 0. 35<z<0. 65 

(n'mmzhhi.^ \,zmL'kwm.fzzh s-^ist-r^a 

-:>fi^ttcOft V '>ffimW3|SiS:t#-S. C: t i3^X% h):.^^o^Wi 
[0015] it:dJ«2fE«i<0^BJl4. Sft2 0 OSKLh 

[0016] ii5RJM3iaifcO^HiJ{i^ fa^tr-irtf^nyx 
[iS:3] 

) (i-z> (Mgi/3 Nbaz-a ) z 0 3 

[0017 ] rf*3S4fsmco^Hfl{i. ^^-^ ^-i?-^ 

x'^it\^oimi^-r^. 
[0018] m^^5im<mmit. ^^±tt^uy^ 
vmm'[m^^^h^^s.'mfA^zi5\.\x. 

[^4] 

' <l-z) (Mgl/3 Nb2/3 ) z 0 3 

[0019] it*« 6 laifeo^Hjfi, fis^i 5i£ac?)a 
[0020] mimi%m<niwm. mm^ 1 3&>^4<o 



<JP ^41 1029357A_J_> 



(4) 



I^BHTl 1-293 57 



[0021] mi^msnm<r>m^m±. m^^^s o^i^a 
[0022] mM^9mmmmt, %mm ifciis 

[0023] 

Ltcti^htm-th. mHi.:Loym\^> ■%W.mzio\f^ 

[0024] :i<7ymmmx'i,±. ^.^ > ( ft^r^st p b 
TiOa ^vmPTt^-t) h^tioymmt^^p 

bZrOg ^imP'Z.t^t) f7^.-^^i^^J^-:tym 
IS ({b^S^Pb (Mgi/3 Nb2/3 ) Oj *:l.mPMN 

fcog^) ^mm^miz^'^xmm<7}mLms:'^?>^tz 

[00 2 5] V^^KDSPZT^tixPT- (1 -x) P 
Zcom-f^Xm^tl, x*^0. 4 2*^^0. 4 80$Effl 

mzi3\,^x, m^^smmit^h-:)m-[X'$>^:itii- 
mzx<m(^tix^^^> 

[0026] ztLizPNiN^maLtzE.^^^<^mm^ 

xPT— y PZ— ( 1— X— y ) PMNtfOM/fe^ 

xm^ti^. ^<Dm-Hz-:>\,^xhmmizm^^tixii. 



(1 ) 


Pbi. 


00 


(Zro. 


26^ 


^0. 


74 


) 


0. 


50 


(2) 


Pbo. 


99 


(Zro. 






74 


) 


0. 


50 


(3) 


Pbo. 


98 


(Zro. 




Lq. 


74 


) 


0. 


50 


(4) 


Pbo. 


97 


(Zro. 


26^5 


^0. 


74 


) 


0. 


50 


(5) 


Pbo. 


96 


(Zro. 


26^] 


^0. 


74 


) 


0. 


50 


(6) 


Pbo. 


95 


(Zro. 


26*^5 


^0. 


74 


) 


0. 


50 


(7) 


Pbo. 


94 


(Zro. 


26Ti 


^0. 


74 


) 


0. 


50 


(8) 


Pbo. 


93 


(Zro. 


26^1 


^0. 


74 


) 


0. 


50 


(9) 


Pbo. 


92 


(Zro. 


26*^^ 


^0. 


74 


) 


0. 


50 


(10) Pbo. 


91 


(Zro. 


26T3 


^0. 


74 


) 


0. 


50 



10 0 3 1] ztii^x-m^ti^mmz^^xoiz^ pb 

O. ZrOj . Ti02 . MgO. Nbj O5 <30*&*$- 
n&L. Ztii;>cr>m^^nt-}U^}UX'^^-^LX:^y 

{xmi ) n(:>titz^yu-z:miLxm^<px'9o 
o'C(Di^x'm^f&Lfz> 

(X@2 ) nhtltzmmSl^iiit: 1 juml^Xnz^^Ltl 
'ik. yv::^Wm^zXr>X 2 t o n/c «0£E^JT'</> 1 
5 mm X Jg$ 3 m mc^n^^bctC^Jg Vti . 



0. 3«^#5£T;^#^lEm^Srto*J, 

m^cr>^±.l>zm ^=^r ^ 'J -s^^ti^-ffi-yX l^to X^M 

6, zzx\ l£^^B^.tmMi¥^a^X'{±. mmf^^B?k<o 

ttf^h. -'mz\tiL-n^.^m\^^:it-^^\^. je*^ 
jh^zn\>^x^y. 'J -^^.2 0 0 "cjjLhS) ^ MmmL\,z^^ 
h t . imm^^^ 200 oms^xh o . zwim<o± 

^^h<r>z:%hZlcttiX'^^\'\ xPT— yPZ-(l 
— X— y) .PMNT7^^tlhmX\ irfUXi}^(>Wk 

Aii 15 0 X:iilTiz^ -oXLtd, 

[0027] z<7)mmmTii. z^ymmmm^^mn 
mi^TimiSimmiX'^^^'iSM^m^^iE:fjFa^.(^ 
Mnm.mz}3\,^x . h<7y$i<Dm.mm^^ztx' 

mW^JEffi#'|4^^|rL. 3&--:>^a.U-j^[*i2 0 0Sm± 
[0028] t.fz. xPT— yPZ— (1 — x— y) P 

Mncr)m.mz%mmmmh Lx--:^rmr?^^-i^'^j^ 

[0029] zcr>^m(o^it. i^xfcommmiztmL 

mmt. i^XT(r)mmmi.ztmLfzKmmFFf,zmfi^ix 

[0030] mmm i ) mmm 1 1 LxviTiZTrct-^ 

<^mAm.m±. <:k<^ n) -b-i^ {lo) x-htifi. z<r> 
0 *> ( 2 ) - ( 6 ) \ti^mmnmmiizi. h tor*) 

(Mgi/3 Nb2/3 ) 0.50Q3 

(MSi/3 Nb2/3 ) 0.60O3 

(Mgi/3 Nbj/j ) 0.50P3 

(Mgi/3 Nb2/3 ) 0.50Q3 

(Mgi/3 Nb2/3 ) 0.60Q3 

(Mgi/3 Nb2/3 ) 0.50O3 

(Mgi/3 Nb2/3 ) 0.50O3 

(Mgi/3 Nb2/3 ) 0.50O3 

((fel/3 Nt)2/3 ) O.50Q3 

(Mgi/3 Nb2/3 ) 0.50Q3 

(X^3 ) icOBg?^*Sr 12 5 O'CO^T'MbSL. -9" 
>~T)V ( 1 ) ~ ( 1 0 ) ^fmt^t. 

.CI d vx%hfitdSiS^m^<ry>smmL'^^\^\^ 

fz, 

[ 0 0 3 2 ] i/c, ±l2t7t-fm^rSlcJ; 0 - -YWry^ 
yy/i^ (11). (12) ^f^L^i. t-r. TiE<o 



BNSOOCID: <J P 4 1 1029357A_J_> 



(5) 



mmW- 1 1-29357 



(A). (B) ^ (X^l ) isit/ (XS2) T'f^^-r 



(A) 

0. 43O3 
(B) 

0.46O3 
1/3 Nbj/s 



Pbo.98 (Zr0, 26^10. 74 ) 0.50 Ctei/s Nb2/3 ) 

Pbo.96 (Zro. 26Tio. 74 ) 0. 50 (MSi/s Nb2/3 ) 



(A) 

) 



(B) liZ^tl^'ixP h izmx (Ms 
0.02O3. (MSl/3 Nb2/3 ) 0. 040s t^-^ i 



atMgNbz Oe SrmODL. ±fi£-r>7VU (3) . 

v\ is.m^m^co-^yTfi' (id. (12) ^frnt 

tz, ^yr)V (11), (12) tc^LT±fB (Xg 
3) $"fflV^-CFqSit*:0(£?ea:m\ |SI1itCKp. et^Jf 

[00333 
[^1] 





Kp (%) 


e 




(1 > * 


6 3 


3 8 00 


2 10 


(2) 


7 0 


4 5 0 0 


210 


(3) 


7 2 


5 5 0 0 


2 1 0 


(4) 


7 2 


□ 3 0 0 


2 1 0 


(5) 


7 3 


5 3 0 0 


2 10 


(6) 


7 0 


5 0 0 0 


2 1 0 


(7J ♦ 


6 5 


4 5 0 0 


2 10 


(8) ♦ 


B 7. 


3 7 0 0 


2 1 0 


(9) ♦ 


5 6 


3 0 0 0 


2 1 0 


(1 0) * 


5 0 


3 0 0 0 


2 1 0 


(11 > 


7 5 


8 8 0 0 


2 10 


(1 2> 


7 S 


5750 


2 10 



[0034] .ICOJS^. m^^l^^-^fS^k p;&S7 0% 

x-vmrnM^if 5 0 0 0 ^as«¥^x':3f ^ ij 

2 0 0 •cyjiOWff*''^t=fm'C§ ^ C: i: tiiioi3-h . 
[0035] Sit. Pbt^LTMgNba Og $:?S!JP 

[00 3 6] S3t, 1^>'r;P ( 1) . (5), (12) 

<7)SEM|i^^«ei.^i:, Hf>'3'VK5) (12) 
{i*^3t<|Slt*J^st^-C'S>^^\ t^^ryW < 1 2 ) t' 

no^ibif^mt^^. :y^^ Xis^S umOTFlz 

[0037] 2^^Bjt j; I. p b i:mh-rmAm.i,zj: 

[0038] (SIJ)tl?iJ2 ) tlTtc^f -fe^ S ^J' 

mi. 



(^) Pbo.gsSro 

2/3 ) 0. 48^3 

(□) Pbo.93Sro 
2/3 ) 0. 48O3 



05 



.70) 0.62 <Mgl/3 Nb 



05 



(Zro. azTio.Ts) 0,52 <MSi/3 Nb 



(/N) Pbo.9iSro.o5 (Zrj, 22Titi.78 ) 0.52 (M81/3 Nb 
2/3 ) 0. 48O3 

[00393 zixi^x^m-^ti^mmz^i> j:oiz^mm 
mitmm^zixmi). (x^2). (xg3)-cR 
&k<Dm^mimLfz. zc^^mi^^ 1 2 5 0'c<^a 

ST'MfiJtt. -^yy-JU (-f ) ~ (/N) Srf^D;^. Zo 

Lxn^^tiiz&^mBm^coimmzmm^wf^. m 
mmAit . M# wm^^mn'm.m'^^m^mm uz . 
^<r>mz-!^m^m^m\ m^^m^^i^mKp {%) 

[ 0 04 0 ] ^7t, i K) ^ -piacT) 

(-) , (*) ^^^LJt, i-r. TiBcT) (C) . 
(D) S: (Xgl) fcitX (Xg2) T'f^-ri.. 

(C) Pbo:93Sro.o5 (Zro.22Tio. 78 ) 0. 52 (Mgi/3 Nb 
2/3 ) 0. 46O3 

(D) Pbo.9iSro.os (Zro.22Tio, 78 ) 0.52 (MSi/s Nb 
2/3 ) 0. 44O3 

[0041] -ecOf^. (C). {D) kZ^K^flPhfiZ 

MLT (Mgi/3 Nb2/3 ) 0. 02O3S (Mgi/3 Nb2/3) 0.04O3 
t^^j:-5lCMgNb2 Oe ^^JpL, WSM^Srlf 

v\ wm^m (-) . (Jto ziimLfz, . 
(;fo ^znifX {1M3) ^m\>^xvm^<r)im%:n 

\K |s|«lCKp. eh^:^^)'-a<^m&^'^'^tZ, 
[00423 Z<ril^^^m. 2 \,Z7fct. 
[^2] 





K|) (%) 


1 




{^) 


5 2 


2 a 0 0 


2 0 5 


Cp) 


5 7 


3 0 0 0 


2 0 5 




5 6 


3 10 0 


2 0 5 




6 2 


3 0 0 0 


2 0 5 


{it.) 


6 4 


3 3 6 0 


2 0 5 



BNSOOCID: <JP_ 



_411029357A_J_> 



(6) 1-29357 



[004 3] i<7)^m3:)^^., A+;--f NtOlS<7)fl:$:$Wi- 
^ C h T-^*T-^Em«tt^ L , ^-o^ i 2 0 

omiil^cOEMMn^^Lfz. ^ti. Pbtc^LTM 

'J^^M-r i: i o T . c: <?)^&M*«<J: 0 ^l=t^ilfi.i. 

[0045] mmms ) ^g^j i iz^nLfz^yyfi^ 

( 1 ) ~ ( 1 2 ) <5D*ti^S:fflV^T. ^f^cOMJP** 1 0 

^ 3 t/ZTjk-t, 
[0046] 
[^3] 



^ffii. 1 k H z 

[0047] ife3A>^>. ^%m(^mAmm.^m^^6zt 
(11). (12) tc-pi^Tti. ^^^omn^^ffiB^o 

[0048] ( mmm 4 ) usse^i 3 tcs^ t/c-ryr/u 

(3). (5). (11). (12) o^mA^m^^x. 
mmk<^mmti<4 0jnmiz^j:^xdiz^v-yi^-h^ 
imt. Pimmzn-htk^^fcm. m^L. mmm^mm 
izmmLx^mt:n^tim. i^«sr5io#tts ^nm^ 

ji^b/t. 2 2o°c, 6on<^^mi4mzx^m 

[00491 
[^4] 





(d B> 




(1) * 


100 


2 10 


C2) 


1 0 Q 


2 1 0 


(3) 


1 1 0 


2 1 0 


(4) 


1 1 0 


2 10 . 


(5) 


1 0 7 


2 1 0 


(6) 


10 5 


2 1 0 


(7) * 


10 0 


2 1 0 


(8) ♦ 


9 5 


2 10 


(9) • 


9 5 


210 


(1 0) * 


9 0 


2 10 


(1 1 ) 


1 I 5 ♦ 


2 10 


(1 2> 1 1 1 8 


210 1 



#i±{i, mma 1 k h z <^i!i^«s.s. 

[0 0 5 0] ^4i3J:Va3<5Diti&&>4.. SO/zmOT 

i: , ttiAOu mcomM(^snms}}'fiz^.^<& 

iH'ip^iR^ti^$im(^mmmznLx:^^m<Dmnm 
mm^i<zm^)X'h^zt ^^LTv%s , 

[005 1] tfc. 40jum<7)mm-ty^'y^z:i^m't 

(12) <^STOi:M«Si7)L;^piA*>'^<^l., CiO 
(21) Pbi.oo (Zro.-4oTio.60 > o. 
(2 2)Pbo.99 (Zrp. 4oTio. 60 ) 0. 
(2 3) Pbo.98 (Zro.4oTio.6o> o. 
(24) Pbo.97 (Zro.4oTio.60> o. 
(2 5) Pbo.96 (Zro.4oTio.6o) o. 



1^ vtTA' 


fffli (a B) 




CC) 


(3) 


1 1 » 


1 1 2 


2 .1 0 


(5) 


1 J 0 


i i 0 


2 i 0 


(It) 


I 2 0 


120 


2 J 0 


(1 2> 


i 2 0 


121 


2 J 0 



f^iib^mmcOiy 3 - y^VP (11). (1 

[00521 (HJfei?!! 5 ) mzmmm S t LXm^lZTr: 
r (2 1) (2 5) ^-fe^S -y^X^f^Mt. ^Jfi 



60 



60 (MS3/12Zni/i2Nb2/3 
60 {Mg3/122'ni/i2Nb2/3 
60 (Mg3/i22ni/i2Nb2/3 
60 (Mg3/12Zni/i2Nb2/3 



) 0. 40^ 3 
) 0. 4o0 3 
) 0. 40^ 3 
) 0. 40^ 3 
) 0. 4o0 3 



BNSDOCID: <JP__41 1029357A_J_> 



(7) 



1-29357 



[00 53] 





K p <%) 


£ 


ftB. ( d B) 




<2 1 ) * 


♦ 6 0 


3 9 O O 


9 9 


2 2 0 


(22) 


6 B 


4 9 O O 


1 O 3 


2 2 0 


(23) 


7 2 


5 0 0 0 


1 O 7 


Z 2 O 


(i?4) 


7 0 


5 2 O O 


1 O 7 


2 2 Q 


(25) 


6 Q 


5 0 0 0 


10 5 


2 2 0 



[00 54] :i<7)mMd)-*t>. Pb(i.x) (Zr(i-,) Ti, ) 

(1-z) (Ni3/i2Zni/,2Nb2/3 ) J O3 cTji^-^jciiV-^Tt 

[00 5.5] 

2 0 0JSm±-e*^offi«'#ttfcJ:WffItt<7)^V^ffi«^f 



[0056] zcr>mM<r)^mi- mmimztmLf-zSM 
[0057] zcDm\<7)mmzx dt-vsm xisttA^f^^ 



[01] xPT— yPZ- 



(1— X— y) PMNCOSM 



[01] 




(51) Int. CI. 6 iis'Jie-t FI 

H 0 3 H 9/17 H 0 1 L 4V08 . C 

41/18 1 0 1 D 

4^22 A 



BNSOOCID: <J P 4 1 10293S7A_J_> 



Searciiing FAJ 



PATENT ABSTRACTS OF JAPAN 

(1 1)Publication number : 1 1-029357 

(43)Date of publication of application : 02.02.1999 



(51)lnt.CL 



C04B 35/49 
B06B 1/06 
HOIL 41/09 
HOIL 41/187 
HOIL 41/24 
H03H 9/17 



(21)Application number : 09-352771 



(22)Date of filing : 



22.12.1997 



(71) Applicant : MATSUSHITA ELECTRIC IND 

CO LTD 

(72) lnventor : OMOTE ATSUSHI 

KUWATAJUN 
TAKESHI HIROSHI 



(30)Priority 

Priority number : 09121228 Priority date : 12.05.1997 Priority country : JP 



(54) PIEZOELECTRIC MATERIAL AND ITS PRODUCTION AND PIEZOELECTRIC 
OSCILLATOR AND PIEZOELECTRIC SOUNDING BODY USING THE SAME 
(57)Abstract: 

PROBLEM TO BE SOLVED: To stably obtain a 
piezoelectric material comprising a material 
composition having a composition of phase boundary 
between a good tetragonal system and a good 
rhombohedral system, in an oxide ferroelectric 
ceramic used for various kinds of electronic parts, 
and to use a particle diameter-controlling agent 
capable of sufficiently pulling out the performances of 
the piezoelectric material and simultaneously 
controlling the sizes of grains, in a piezoelectric 
sounding body requiring a highly strong and compact 
ceramic. 

SOLUTION: This piezoelectric material containing as 
a main component a perovskite type oxide containing 




iron is produced by calcining a material of the formula (Pb(1-x-a)Ma)(Zr(1-y)Tiy)(1-z) 

BEST AVAILABLE COPV 

http://wwl9ap(U.ncipi.goJp/PAl/result/detail/main/wAAA79aigyDA41 1029357Pl.htm 1 1/19/04 



bearcmng I'A- 



(Mg2/3)z03 [M is at least one element selected from Ba, Bi and Sr; 0<(a)<0.10; 0.20<(y) 
<0.30; 0.45<(z)<0.55. adding MgNb206 of columnbite type oxide as a grain diameter- 
controlling agent in an amount range: 0.005<(x)<0.05 based on Pb and again calcining the 
mixture. 



LEGAL STATUS 

[Date of request for examination] 30.04.1 999 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other 

than the examiner's decision of rejection or 

application converted registration] 

[Date of final disposal for application] 

[Patent number] 32601 1 6 

[Date of registration] 1 4. 1 2.2001 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against 

examiner's decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9.ipdl.ncipi.go.jp/PAl/result/detaiymain/wAAA79aigyDA411029357Pl.htm 



11/19/04 



[jp,ll-029357,A] 



CLAIMS DF.TATT,KD D RSCRIPTIQN TECHNICAL FIELD PRIOR ART EFFECT OF THE 
INVENTION TECHNICAL PROBLEM MEANS EXAMPLE DESCRIPT ION OF DRAWINGS 
DRAWINGS 



[Translation done.] 



http://ww4Apdl.ncipi.goJp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2^ 1 



♦NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by t:he use of -this brans 1 at:! on. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The perovskite mold oxide containing lead is set to the piezoelectric material used as a 
principal component, and it is Pb(l-x) z O (M 1/3 Nb 2/3) 3 (at least one kind of element with 
which M is chosen from from among Mg, nickel, and Zn) (l(Zr(l-y) Tiy)-z). 

Piezoelectric material characterized by setting up a presentation as it is expressed with the becoming 
chemical formula and is in the range of 0.005< x<0.055, 0.50< y<0.80, and 0.35< z<0.65. 
[Claim 2] Piezoelectric material according to claim 1 characterized by having the Curie point of 200- 
degree more than Centigrade. 

[Claim 3] The perovskite mold oxide containing lead is set to the piezoelectric material used as a 

Srincipal component, and it is [Equation 1]. 
^b(i-.-c.)Mc<) (Zrci-x) Ti ,) (,-z) (Mgi/3 Nbzxs ) ^ 0 3 

(At least one kind of element, 0<=alpha<0.10 as which M is chosen from from among Ba, Bi, and 
Sr) 

Piezoelectric material characterized by setting up a presentation as it is expressed with the becoming 
chemical formula and is in the range of 0.005< x<0.05, 0.20< y<0.30, and 0.45< z<0.55. 
[Claim 4] Piezoelectric material given in either of claims 1-3 characterized by grain size being 5 
micrometers or less. 

[Claim 5] The perovskite mold oxide containing lead is set to the piezoelectric material used as a 
principal component, and it is [Equation 2]. 

CPbci-ooMoc) (Zrci-.) Ti. ) ci-^, (Mgi/3 Nb2/3 ) z 0 3 

(At least one kind of element, 0<=alpha<0,10 as which M is chosen from from among Ba, Bi, and 
Sr) 

MgNb 206 which is a cholane cutting tool mold oxide considering an ingredient after temporary 
baking and as a particle-size control material as it is expressed with the becoming chemical formula 
and is in the range of 0.20< y<0.30 and 0.45< z<0.55 The manufacture approach of piezoelectric 
material of adding as it is in the range of 0.005< x<0.05 to Pb, and performing temporary baking 
again. 

[Claim 6] Piezoelectric material whose grain size obtained by the manufacture approach of a 
piezoelectric material according to claim 5 is 5 micrometers or less. 

[Claim 7] The piezoelectric transducer characterized by using either of claims 1-4, or a piezoelectric 
material according to claim 6. 

[Claim 8] The piezoelectric transducer [ thickness ] using a piezoelectric material 50 microns or less 
according to claim 7. 

[Claim 9] The piezo-electric sovmding body characterized by using a piezoelectric transducer 
according to claim 7 or 8. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezoelectric material used for sources of 
pronunciation, such as a portable telephone and a computer, its manufactxire approach, the 
piezoelectric transducer using it, and the piezo-electric sounding body. 
[0002] 

[Description of the Prior Art] In recent years, it has had a better opinion of the piezoelectric 
loudspeaker and receiver using piezoelectric material as an audio output device of a cellular phone or 
a computer. The request to the piezoelectric transducer which operates to stability at the elevated 
temperature of 200-degree more than Centigrade especially as portable is strong. At this time, 1 
thermal resistance, 2 piezo-electricity property, and 3 dependability pose a problem. Therefore, much 
retrieval of the exotic material which perceived the ceramics of an oxide ferroelectric which has a 
perovskite structure, and improvements by the additive are made. 

[0003] If it is going to improve a piezo-electric property in the ceramics of an oxide ferroelectric, the 
Curie point (transition temperature of a ferroelectric phase and a paraelectric phase) will fall, and 
thermal resistance will worsen. Attention needed to be paid to thermal resistance, when Yuzu made 
the Cxirie point less than 200 degrees for thermal resistance to some extent and an ingredient was 
used, in order to acquire the good property demanded. Consequently, there was a problem that a 
property will change, in the electrical connection process of the ejection electrode from an 
ingredient. 

[0004] Moreover, in the presentation to which the Curie point currently demanded from the device 
design becomes 200-degree more than Centigrade, the piezo-electric big property was no longer 
acquired, and there was a problem of it becoming impossible to meet the request to a piezo-electric 
property. 
[0005] 

[Problem(s) to be Solved by the Invention] Then, although the compound perovskite mold oxide 
used as the 3rd constituent is fiirther mixed as ingredient retrieval for acquiring the good property for 
which it asks or newly adding [ many ] an additive have been studied By mixing the 3rd constituent, 
the compound with another crystal structure with low dielectric constants other than a perovskite 
structure was formed secondarily, and the new technical problem that an original piezo-electric 
property was no longer acquired occurred. 

[0006] Moreover, a miniaturization and thin shape-ization are requested more from the device, 
therefore the requests of the ceramics of a thin fihn have been mounting. Although the request of the 
soimding body 2mm or less has come out as the piezo-electric sounding body, if it is going to 
respond to this, the ceramic of sheet metal 50 microns or less is needed as a design top ceramic 
component of the sounding body. 

[0007] Furthermore, in order to stick on a metal plate the ceramic used for the piezo-electric 
sounding body by the monolayer unlike a laminating type like a stacked type ceramic condenser or 
an actuator, the materials design of a precise ceramic with little short-circuit by the mechanical 
strength, a pinhole, etc. is needed. 

[0008] Moreover, it was going to control the grain size after calcinating in order to calcinate an 
ingredient precisely, and various kinds of particle-size control agents have so far been used. 
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However, it turns out that it has a bad influence on a property like [ these particle-size control agent ] 
the 3rd above-mentioned constituent. That is, when it uses for the piezoelectric material containing 
Pb, the compound which reacts with Pb and has another crystal structure with low dielectric 
constants other than a perovskite structure is the technical problem that form secondarily and an 
original piezo-electric property is no longer acquired. 

[0009] The request of improvement in the piezo-electric property in the product adapting 
piezoelectric material and thermal resistance is strong, and must be stopping thus, having to pull out 
enough the engine performance of the phase border area of tetragonal system and a rhombohedral 
system in recent years. 

[0010] This invention sets it as the 1st purpose to have a good piezo-electric property and to obtain a 
high piezoelectric material, a heat-resistant piezoelectric transducer, and the heat-resistant piezo- 
electric sounding body to stability, when a piezo-electric property controls the amoxmt of the lead of 
A site in the ingredient presentation of the constituent of the phase boundary of good tetragonal 
system and a rhombohedral system. 

[00 11] Moreover, the 2nd purpose of this invention is acquiring the manufacture approach of the 
piezoelectric material which becomes controllable [ grain size ], fully pulling out the engine 
performance of piezoelectric material in the piezo-electric sounding body as which a precise ceramic 
is required with high intensity, since it is used by the monolayer. 
[0012] 

[Means for Solving the Problem] As this The means for solving a technical problem, this invention 
was able to acquire the good piezo-electric property which is not in the former by decreasing the 
amount of the lead imder ingredient presentation. That is, according to this invention. Curie 
temperature can realize [ specific inductive capacity / an electromechanical coupling coefficient ] the 
piezoelectric material and its application article of 200-degree more than Centigrade at 65% or more 
or more by 5000. 

[0013] Moreover, a precise ceramic is realizable with the high intensity which becomes possible 

[ using by the monolayer easily ] by tiie manufacture approach of the piezoelectric material using use 

and it of a desirable particle-size control agent. 

[0014] 

[Embodiment of the Invention] Invention according to claim 1 sets the perovskite mold oxide 
containing lead to the piezoelectric material used as a principal component, and is Pb(l-x) z O (M 1 / 
3 Nb 2/3) 3 (at least one kind of element with which M is chosen from from among Mg, nickel, and 
Zn)(l(Zr(l-y) Tiy)-z). 

As it is expressed with the becoming chemical formula and is in the range of 0.005< x<0.055, 0.50< 
y<0.80, and 0.35< z<0.65, it is the piezoelectric material characterized by setting up a presentation, 
and it has good thermal resistance and a piezo-electric property, and has an operation that a reliable 
piezoelectric material can be obtained. 

[0015] Invention according to claim 2 is a piezoelectric material according to claim 1 characterized 
by having the Curie point of 200-degree more than Centigrade, and it has good thermal resistance 
and a piezo-electric property, and it has an operation that a reliable piezoelectric material can be 
obtained. 

[0016] Invention according to claim 3 sets the perovskite mold oxide containing lead to the 
piezoelectric material used as a principal component, and is [Equation 3]. 

CPb(i-x-o<)M,() (Zr(,-„ Ti. ) n-z> (Mgi/3 Nba/a ) z 0 3 

(At least one kind of element, 0<=alpha<0.10 as which M is chosen from from among Ba, Bi, and 
Sr) 

As it is expressed with the becoming chemical formula and is in the range of 0.005< x<0.05, 0.20< 
y<0.30, and 0.45< z<0.55, it is the piezoelectric material characterized by setting up a presentation, 
and it has good thermal resistance and a piezo-electric property, and has an operation that a reliable 
piezoelectric material can be obtained. 

[0017] Invention according to claim 4 is a piezoelectric material given in either of claims 1-3 
characterized by grain size being 5 micrometers or less, and it has good thermal resistance and a 
piezo-electric property, and it has an operation that a reliable piezoelectric material can be obtained. 
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[0018] Invention according to claim 5 sets the perovskite mold oxide containing lead to the 
piezoelectric material used as a principal component, and is [Equation 4]. 

CPb(i-«c)Mo^) (Zr(i-x) Ti, ) <i-z) (Mgi/3 Nba/s ) z 0 3 

(At least one kind of element, 0<=alpha<0.10 as which M is chosen from from among Ba, Bi, and 

As it is expressed with the becoming chemical formula and is in the range of 0.20< y<0.30 and 0.45< 
z<0.55, an ingredient After temporary baking, MgNb 206 which is a cholane cuttmg tool mold 
as a particle-size control agent It adds, as it is in the range of 0.005< x<0 05 to Pb. It is the 
manufacture approach of piezoelectric material of performing temporary baking agam and it has 
good thermal resistance and a piezo-electric property, and has an operation that a rehabie 
piezoelectric material can be obtained. . j- „ +^ 

r00191 The grain size obtained by the manufacture approach of a piezoelectnc matena accordmg to 
claim 5 is the piezoelectric material which is 5 micrometers or less, it has good themial resistance 
and a piezo-electric property, and invention according to claim 6 has an operation that a reliable 

piezoelectric material can be obtauied. , - j u • ^uu^r- r.f 

[0020] Invention according to claim 7 is a piezoelectric transducer characterized by using either ot 
claims 1-4, or a piezoelectric material accordmg to claim 6, and it has good thermal resistance and a 
piezo-electric property, and it has an operation that a reliable piezoelectric material can be obtamed. 
[0021] Thickness is the piezoelectric transducer which used a piezoelectric material 50 microns or 
less according to claim 7, it has good thermal resistance and a piezo-electric property, and mvention 
according to claim 8 has an operation that a reliable piezoelectric material can be obtamed. 
[00221 Invention according to claim 9 is the piezo-electric sounding body charactenzed by usmg a 
piezoelectric transducer according to claim 7 or 8, and it has good thermal resistance and a piezo- 
electric property, and it has an operation that a reliable piezoelectric matenal can be obtained. 

[^xSple] Hereafter, it explains, referring to a drawing about the ™Pl\f ^Vrt^fcniiTSf 
1 is the mimetic diagram showing the phase of the piezoelectric matenal obtamed by the sohd phase 
Reaction which has the phase boundary of tetragonal system and a rhombohedral system m one 

[OoS?TWs^^aSplT^^^^^ the case where the constituent of a request of lead titanate (a chemical 
formula PbTi03 is henceforth abbreviated to FT), lead zirconate (a chemical ^7^^^^??^^.%^!^, 
henceforth abbreviated to PZ), and magnesium niobic acid lead (chemical foraiula Pb (Mgl / 3 Nb 
2/3) 03 is henceforth abbreviated to PMN) by solid phase reaction is obtamed 
[0025] The so-called PZT system is expressed with the empirical formula of xPT-(l-x) P^^ ^^J^^ 
phase boundary of tetragonal system and a rhombohedral system exists [ x ] m the range 0^42 to 
0.48. Generally on this phase boundary, it is known well that it is an mgredient with a good piezo- 

[0026] The piezoelectric material of the three-component system which added PMN to this is 
expressed ^^th the empirical formula of xPT-yPZ-(l-x-y) PMN. Although the detail inquures also 
about this ingredient and it has a piezo-electric big property near 3 importance, there is a fault m 
which the Curie point falls with improvement in a piezo-electric property m one side. Here, 
generally in tetragonal system and a rhombohedral system, tetragonal system 
from the rate of a temperature change of specific inductive capacity [ direction / of ^ ^^^^e^^^ 
system / near the rooiS temperature ] being large. If 200 degrees C or more f Curie points become ^ 
certain ingredient presentation m tetragonal system, a dielectnc constant is at most about 2000, and 
what has fpiezo-electric big property camiot be obtained. Although an mgredient jesentation w^^^^ 
be limited near 3 hnportanci if it is going to acquire the piezo-electnc high property demanded from 
a deX with the in^edient shown by xPT-yPZ-(l-x-y) PMN, the Cune pomt of an mgredient will 
become 150 degrees C or less at this time. •+ u , +k;c 

[0027] It has a good piezo-electric property by controlling the amount of the lead of A site by this 
example kTtheigreL^^ presentation of the tetragonal system which shows the stable temperaftnre 
chSen^ticln a^ervice temperature field with this ferroelectric that carries out phase transition 
serially, and the Curie pomt realized piezoelectric material of 200 degrees or more. 
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[0028] Moreover, the lead of A site was controlled by using niobic acid magiiesium (a chemical 
formula MgNb 206 being henceforth abbreviated to MNO) for the presentation of xPT-yPZ-(l-x-y) 
PMN as a particle-size control agent, and both the effectiveness as a particle-size control agent and a 
good piezo-electric property were realized to coincidence by it. 

[0029] This effect of the invention is not Umited to the ingredient system described in the following 
examples. Moreover, this effect of the invention is not limited to the piezoelectric transducer 
described in the following examples. 

[0030] (Example 1) The ceramics shown below as an example 1 was produced. Although the 
ingredient presentation of the produced PZT system ceramics is (1) to the following (10), (2) - (6) is 
based on the ingredient presentation of this invention. 

(1) Pbl.00(Zr0.26Ti0.74)0.50(Mgl/3 Nb2/3 )0.50O3(2) Pb0.99(Zr0.26Ti0.74)0.50(Mgl/3 Nb2/3 ) 
0.5003(3) PbO.98 (Zr0.26Ti0.74)0.50(Mgl/3 Nb2/3 )0.50O3(4) Pb0.97(Zr0.26Ti0.74)0.50(Mgl/3 
Nb2/3 )0.50O3(5) Pb0.96(Zr0.26Ti0.74)0.50(Mgl/3 Nb2/3 )0.50O3(6) PbO.95 (Zr0,26Ti0.74) 0.50 
(Mgl / 3 Nb 2/3) - 0.50O3 (7) PbO.94 (ZrO.26TiO.74) 0.50 (Mgl / 3 Nb 2/3) - 0.50O3 (8) PbO.93 
(ZrO.26TiO.74) 0.50 Q [ Mgl/3 ] Nb2/30.50O3 (9) PbO.92 (ZrO.26TiO.74) 0.50 (Mgl / 3 Nb 2/3) 
0.5003(10) Pb0.91 (Zr0.26Ti0.74) 0.50 (Mgl / 3 Nb 2/3) 0.50O3[0031] They are PbO, Zr02, Ti02, 
MgO, and Nb 205 so that it may become the presentation expressed with these. Weighing capacity 
of the powder was carried out, wet blending of these powder was carried out with the bail mill, and 
the slurry was produced. 

(Process 1) The obtained slurry was dehydrated and temporary baking was carried out at the 
temperature of 900 degrees C in the electric fumace. 

(Process 2) They are 2 ton/cm2 by press forming after grinding the obtained temporary baking 
powder to 1 micrometer or less. It fabricated by the pressure to discoid v^th a phil5mmx thickness 
of 3mm. 

(Process 3) This Plastic solid was calcinated at the temperature of 1250 degrees C, and sample (1) - 
(10) was produced. 

In this way, an electrode is attached to the obtained sintered compact [ finishing / the last plastic 
surgery ]. The electrode material could be burned and vapor-deposited silver and a conductive paint 
metallurgy group. Polarization processing was performed after that and it measured about the Curie 
point to the electromechanical coupling coefficient Kp (%), the dielectric constant epsilon, and the 
pan. 

[0032] Moreover, the following sample (1 1) and (12) were produced by the above-mentioned 
production approach, first, the following (A) and (B) ~ and (process 1) (process 2) it produces. 
(A) PbO.98 (ZrO.26TiO.74) 0.50 (Mgl / 3 Nb 2/3) 0.48O3 (B) After that [ PbO.96 (Zr0.26Ti0.74) 
0.50 (Mgl / 3 Nb 2/3) 0.46O3 ], (A), It is MgNb 206 so that it may be set to 0.02 (Mgl / 3 Nb 2/3) 
03 and 0.04 (Mgl / 3 Nb 2/3)03 to Pb at (B), respectively. It adds. As it became the same 
presentation as the above-mentioned sample (3) and (5), temporary baking was performed again, and 
the sample (1 1) of temporary baking powder and (12) were produced. Disc-like shaping was 
performed using the above process 3) to a sample (11) and (12), and measvirement of Kp, epsilon, 
and the Curie point was performed similarly. This result is shown in Table 1 . 



[0033] 
[Table 1] 
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Kp shows the electromechanical coupling coefficient of electrostrictive ceramics. 
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[0034] Consequently, it turns out that an ingredient 200 degrees C or more can produce [ the Curie 
point ] easily with the piezoelectric material with which specific inductive capacity exceeds [ an 
electromechanical coupling coefficient kp ] 5000 at 70%. 

[0035] Moreover, it is MgNb 206 to Pb. This effectiveness shows up more notably by adding, 
performing temporary baking again and producing temporary baking powder. 
[0036] Moreover, although a sample (5) and (12) are the completely same ingredient presentations 
when the SEM observation photograph of a sample (1), (5), and (12) is seen, it turns out that the 
manufacture approach used v^th the sample (12) enables it to perform grain control of an ingredient 
efficiently, and grain size is controlled by 5 micrometers or less. 

[0037] The ingredient presentation which reduces Pb by this invention enables it to be satisfied with 
coincidence of improvement in thermal resistance and a piezo-electric property. Moreover, it is 
possible to control grain size by the particle-size control agent and the piezoelectric-material 
manufacture approach of using it by this invention, and the precise ceramic demanded firom a device 
can be realized easily. 

[0038] (Example 2) Next, the ceramics shovra below was produced. The ingredient presentation of 
the produced PZT system ceramics (**) Pb0.95Sr0.05 (ZrO.22TiO.78) 0.52 (Mgl / 3 Nb 2/3) 0,4803 
(**) Pb0.93Sr0.05 (ZrO.22TiO.78) 0.52 Q [ Mgl/3 Nb2/3 ] 0.48O3 (Ha) It is Pb0.91Sr0.05 
(ZrO.22TiO.78) 0.52 (Mgl / 3 Nb 2/3) 0.48O3. 

[0039] The disc-like Plastic solid was produced at (the process 2) and the (process 3) as well as 
(process 1) an example 1 so that it might become the presentation expressed with these, this Plastic 
solid ~ the temperature of 1250 degrees C ~ calcinating — sample (**) - (Ha) was produced. In this 
way, an electrode is attached to the obtained sintered compact [ finishing / the last plastic surgery ]. 
The electrode material could be burned and vapor-deposited silver and a conductive paint metallurgy 
group. Polarization processing was performed after that and it measured about the Curie point to the 
electromechanical coupling coefficient Kp (%), the dielectric constant epsilon, and the pan. 
[0040] Moreover, following (d) and (e) were produced by the production approach of this invention, 
first, the following (C) and (D) ~ and (process 1) (process 2) it produces. 

(C) Pb0.93Sr0.05 (ZrO.22TiO.78) 0.52 (Mgl / 3 Nb 2/3) 0.46O3 (D) Pb0.91Sr0.05 (Zr0.22Ti0.78) 
0.52 (Mgl / 3 Nb 2/3) 0.44O3[0041] Then, it is MgNb 206 so that it may be set to 0.02 (Mgl / 3 Nb 
2/3)03 and 0.04 (Mgl / 3 Nb 2/3)03 to Pb at (C) and (D), respectively. It added, temporary baking 
was performed again and temporary baking powder (d) and (e) were produced. (**) and (**) — 
receiving (process 3) — it used, disc-like shaping was performed and measurement of Kp, epsilon, 
and the Curie point was performed similarly. 
0042] This result is shown in Table 2. 
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Kp shows the electromechanical coupling coefficient of electrostrictive ceramics. 
[0043] From this result, it has a good piezo-electric property by controlling the amount of the lead of 
A site, and the Curie point realized piezoelectric material of 200 degrees or more. Moreover, it is 
MgNb 206 to Pb. By adding, performing temporary baking again and producing temporary baking 
powder shows that this effectiveness shows up more notably. 

[0044] Moreover, it is possible to control grain size by the particle-size control agent and the 
piezoelectric-material manufacture approach of using it by this invention, and the precise ceramic 
demanded firom a device can be realized easily. 

[0045] (Example 3) After having calcinated, having formed the silver electrode in both sides, after 
having produced the green sheet using the ingredient of sample (1) - (12) shown in the example 1 so 
that the thickness after baking might be set to 100 micrometers, and piercing disc-like, and 
performing polarization, the diaphragm was stuck and the bimorph mold piezoelectric transducer 
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was formed. Then, the sound pressure of a audio range was measured. A result is shown in Table 3. 



[0046] 
Table 3] 
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* This invention of mark is out of range. 

Sound pressure is with a frequency of IkHz as a result of measurement. 

[0047] Table 3 shows that sound pressure high without change of the Curie point is obtained by 
using the ingredient presentation of this invention. Thermal resistance did not have a problem 
practically, either. Furthermore about a sample (11) and (12), the satisfactory and high intensity 
ceramic is realized short at the time of the crack of a component, or polarization. 
[0048] (Example 4) After having calcinated, having formed the silver electrode in both sides, after 
having produced the green sheet using the ingredient of the sample (3) shown in the example 3, (5), 
(11), and (12) so that the thickness after baking might be set to 40 micrometers, and piercing disc- 
like, and performing polarization, the diaphragm was stuck and the bimorph mold piezoelectric 
transducer was formed. Then, the sound pressure of a audio range was measured. Moreover, the heat 
resistance test by 220 degrees C and soldering for 60 seconds was performed. A result is shown in 
Table 4. 



[0049] 
Table 4] 
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Sound pressure is with a frequency of IkHz as a result of measurement. 
[0050] The comparison of Table 4 and 3 shows that sound pressure improves more by using a 
ceramic component 50 micrometers or less. Moreover, the thermal resistance which does not have 
heat in the piezoelectric transducer of 40-micrometer sheet metal a problem practically at a 
propagation or cone case since the Curie point is high is obtained. It is shown to sheet-metal-izing of 
the ingredient with which this is demanded from a device design in recent years that the ingredient 
presentation of this invention is very effective. 

[0051] Moreover, when producing a 40-micrometer sheet metal ceramic, the penetration of a silver 
electrode is lost with the component of a sample with small grain size (1 1), and (12). For this reason, 
short [ at the time of polarization / poor ] was satisfactory at all at a sample (1 1) and (12). That is, in 
order to produce the component of sheet metal, grain control of an ingredient serves as a 
requirement: It is [ as opposed to / at this time / Pb ] MgNb 206. It adds, temporary baking is 
performed again and the approach of producing temporary baking powder serves as a very effective 
means. 

[0052] (Example 5) The ceramics of (21) to (25) shown below as an example 5 was produced, the 
same experiment as an example 1 was conducted, and the piezo-electric property was measured. 
Moreover, a green sheet is produced and the result of having measured the sound pressure of a audio 
range is shown in Table 5 like an example 3. 

(21)Pbl.00(Zr0.40Ti0.60)0.60(Mg3/12Znl/12Nb2/3 )0.40O 3 (22)Pb0.99(Zr0.40Ti0.60)0.60 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 11/1 9/04 



(Mg3/12Znl/12Nb2/3 )0.40O 3 (23)Pb0.98(Zr0.40Ti0.60)0.60(Mg3/12Znl/12Nb2/3 )0.40O 3 (24) 
Pb0.97(Zr0.40Ti0.60)0.60(Mg3/12Znl/12Nb2/3 )0.40O 3 (25)Pb0.96(Zr0.40Ti0.60)0.60 
(Mg3/12Znl/12Nb 2/3) 0.40O 3 [0053] 

[Table 5] 
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* This invention of mark is out of range. Kp shows the electromechanical coupling coefficient of 
electrostrictive ceramics. Sound pressxire is with a frequency of IkHz as a result of measurement. 
[0054] This result to Pb(l-x) z 03 (l(Zr(l-y) Tiy)-z) (nickel3/12Znl/12Nb 2/3) It turns out that the 
effectiveness of this invention is acquired at a case. 
[0055] 

[Effect of the Invention] According to this invention, Cvtrie temperature is 200-degree more than 
Centigrade, and piezoelectric material with high piezo-electric property and dependability becomes 
realizable easily. Moreover, this effectiveness not only becomes more remarkable, but control of the 
grain size in the case of producing a ceramic component becomes possible by using this manufacture 
approach at coincidence. 

[0056] It cannot be overemphasized that this effect of the invention is not limited to the piezoelectric 
transducer described in the example, but it can apply to various devices using piezoelectric ceramics, 
such as an actuator and an acceleration sensor. 

[0057] It becomes compatible [ the thermal resistance currently demanded from the device design by 
implementation of this ingredient, a high piezo-electricity property, and high-reliability ]. Moreover, 
by this manufacture approach, control short [ at the time of polarization of a sheet metal piezoelectric 
device similarly demanded from a device side / poor ] is attained, and it becomes possible to aim at 
improvement in productivity. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
da m ages caused by -the use of this translatxon. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram showing the phase of the piezoelectric material of xPT-yPZ-(l-x- 
y) PMN 

[Translation done.] 
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